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Claim 

A protective layer forming material, wherein a layer containing an ultraviolet-curing 
compound that can cure to form a resin is provided on a support in such a manner that it can be 
peeled, where said protective layer forming material is characterized in that the ultraviolet-curing 
compound comprises a urethane (meth)acrylate compound and a (meth)acrylate compound 
having three or more functional groups. 
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Detailed explanation of the invention 
[0001] 

Industrial application field 

The present invention relates to a protective layer forming material. In additional detail, it 
relates to a protective layer forming material and a protective layer formation method whereby a 
material for forming a protective layer coating, having recording information such as an image, 
is endowed with superior durability such as abrasion resistance, and in addition, provides an 
image, etc., that has excellent coloration and luster. 

[0002] 
Prior art 

In recent years, ID cards such as licenses, personal identification cards, employee 
identification cards and name tags have proliferated widely, and along therewith, thermal transfer 
ID cards have come into use. In particular, sublimation thermal transfer systems employing 
thermal transfer dyes allow full color images to be readily formed, and these methods are thus 
effective in the production of ID cards. An image-protected ID card is disclosed in Japanese 
Kokai Patent Application No. Hei 6[1994]-286350. This ID card is provided with a magnetic or 
other identification site, and the card is swiped through a device when this site is to be identified. 
Consequently, the card must be abrasion resistant. However, because the image comprising a 
face, letters or numbers has inferior durability, particularly with regard to abrasion resistance, the 
recorded regions and/or nonrecorded regions are damaged, leading to problems with reading the 
information. In order to solve these types of problems, there are methods in which thermosetting 
resin paint or radiation-curing resin paint is applied to v the surface of an image, and is cured 
thereupon. However, there is the danger that the image will be altered or will fade due to 
solvents in the paint, and formation of a uniform paint film is difficult. In addition, there have 
been problems with paint liquid storage properties, and problems with soiling of the surface due 
to attachment of dust or other material before and after painting. In addition, there are also 
methods in which a protective layer is thermally transferred to an image surface using a thermal 
transfer system (thermal fusion). However, curing of the protective layer is insufficient with this 
method, and a layer that provides adequate durability, particularly in regard to abrasion 
resistance, is not obtained, regardless of the thickness of the layer. Thus, a method has been 
proposed wherein an ultraviolet-curing compound and binder are applied and dried on a 
film- forming sheet, and after hot-pressing, the material is irradiated with ultraviolet light to cure 
the coating layer, whereupon the film sheet is peeled off in order to form a protective layer on 
the image surface. However, protective layers that have been formed from ultraviolet-curing 
compounds have not had sufficient hardness, resulting in surface scratching, or damage that 
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penetrates to the image layer below. In addition, ultraviolet-curing compounds that attain 
sufficient hardness exist, but the protective layers formed form such substances are brittle, or 
experience breaking and cracking when the film carrying the transferred layer is bent or 
deformed. As a result, these materials are insufficient in terms of performance as protective 
layers. 

[0003] 

Problems to be solved by the invention 

The object of the present invention is to allow a uniform protective layer to be readily 
formed on an image surface by thermal transfer, and in addition, to offer a protective layer 
forming material for forming a protective layer that has sufficient hardness, while also being 
flexible so that it will not crack or break. 

[0004] 

Means to solve the problems 

The above objects of the present invention were achieved by means of a protective layer 
forming material, wherein a layer containing an ultraviolet-curing compound that can cure to 
form a resin is provided on a support in such a manner that it can be peeled, and the 
ultraviolet-curing compound comprises a urethane (meth)acrylate compound and (meth)acrylate 
compound having three or more functional groups. The protective layer forming material of the 
present invention is formed by layering it onto the material that is to be provided with a 
protective layer, followed by heating and compressing the material to affix it. The material is 
then irradiated with ultraviolet light, or alternatively, is subjected to thermal transfer by heating 
and compression, followed by irradiation with ultraviolet light. The support that is coated with 
the protective layer is thus peeled away before or after irradiation with ultraviolet light. 
Examples of materials that are to be provided with a protective layer include materials that need 
surface protection or reinforcement because they are readily marred, readily abraded, or 
susceptible to surface modification due to light, heat, pressure or air (e.g., gaseous materials such 
as oxygen) and solvents (e.g., water and alcohol). Examples of materials that may be cited 
include various types of recording materials used for photography or printing, telephone cards, 
ID cards, various types of plastic materials (cases, stands, etc.), various types of sundry items 
(leather, wood, pencils, etc.), various types of wearable goods (shoes, clothing, etc.), various 
types of metal products (e.g., sign plates and iron plates) and various types of ceramic materials 
(e.g., tea bowls and tile). Examples of various types of recording materials include photographic 
recording materials, printing materials, sublimation thermal transfer recording materials, fusion 
thermal transfer recording materials, thermal transfer recording materials, inkjet materials, 
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thermosensitive materials, gravure printing materials and other such materials. Among these 
materials, sublimation thermal transfer recording materials are preferred. 

[0005] 

Mode of implementation of the invention 

The protective layer forming material of the present invention will be described below. 
The protective layer forming material of the present invention involves using heat and/or 
pressure to laminate a layer for providing a curable protective layer on a material to be provided 
with the protective layer, onto a material to be provided with the protective layer having recorded 
information such as a preformed image, and/or a material to be provided with a protective layer 
without recorded information. The curable protective layer is then cured, followed by separation 
of the protective layer from the support for the protective layer forming material, thus forming a 
protective layer on the image surface. Alternatively, a protective layer can be formed by using 
heat and/or pressure to laminate the material for forming the curing protective layer onto the 
material to be provided with the protective layer, followed by transfer of the protective layer 
from the support, and subsequent curing by means of irradiation with ultraviolet light. 

[0006] 

Examples of supports for the protective layer forming material of the present invention 
that may be used are typical supports that have been previously known. Specific examples 
include polyethylene terephthalate, polyethylene naphthalate, polyamide, polycarbonate, 
cellulose ester, acetylcellulose, fluoropolymers, polyether, polyacetal, polyolefin, polyimide, 
polyphenylene sulfide, polypropylene, polysulfone, Cellophane, polyethylene, 
polyvinylidene chloride, polyvinyl alcohol, polyester, polystyrene, ethylene/vinyl acetate 
copolymer, ethylene/vinyl alcohol copolymer, ionomer, polyvinyl acetal, polyvinyl chloride, 
polyether sulfone, polyether ether ketone, polyether imide, polyacrylate, polymethyl 
methacrylate and other resin films, and various types of plastic films or sheets. 

[0007] 

The aforementioned resin film supports may be used individually, or laminates may be 
used in desired combinations. The preferred thickness of the support is generally in the range of 
2-360 jim, with a range of 5-100 urn being additionally desirable. However, because the optimal 
thickness for handling will be different depending on the support material, values are not 
restricted to the above range. In addition, an undercoating layer may be provided in order to 
improve the mold-release properties as desired. Among the above supports, materials that can 
withstand treatment temperatures and treatment pressures are preferred, and preferred examples 
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include paper, polyethylene terephthalate film, polyester, polycarbonate, polyamide and other 
films. Among these materials, polyethylene terephthalate and polyethylene naphthalate films are 
particularly desirable. 

[0008] 

Urethane (meth)acrylate compounds which are radiation-curing resins that may be used 
in the present invention are (meth)acrylates that have urethane bonds in their molecules, and are 
synthesized by means of allowing diol to react with ordinary isocyanate compound, followed by 
additional ester-exchange reactions with (meth)acrylate ester. There are various commercially 
available materials, and specific examples are presented below. 

(a) Urethane acrylate, urethane methacrylate, e.g., Aronix M-l 100, M-1200, M-1210, M-1250, 
M-1260, M-l 300 and M-l 3 10, which are trade names of Toa Gosei, Viscoat 812, 823 and 832, 
which are trade names of Osaka Organic Chemical Industry, and NK Ester U-4HA, U-108A, 
U-122A, U-200AX, U-340AX, U-1084A, U-6HA, U-324A and UA-100, which are trade names 
of Shin Nakamura Chemical. 

[0009] 

With regard to the ultraviolet-curing compounds having three or more functional groups 
that may be used in the present invention, there are various commercially available alcohol 
(meth)acrylate esters. Specific examples are presented below. 

(b) Ultraviolet-curing compounds having three or more functional groups, such as 
pentaerythritol triacrylate, pentaerythritol trimethacrylate, pentaerythritol tetra-acrylate, 
pentaerythritol tetramethacrylate, trimethylolpropane triacrylate, trimethylolpropane 
trimethacrylate, dipentaerythritol tetra-acrylate, dipentaerythritol tetramethacrylate, 
dipentaerythritol hexa-acrylate, dipentaerythritol hexamethacrylate, dipentaerythritol 
penta-acrylate, dipentaerythritol pentamethacrylate, pentaerythritol polyacrylate and 
dipentaerythritol polyacrylate. In addition, ultraviolet-curing compounds that have three or more 
functional groups may be used in combinations of multiple types, and mixtures may also be 
used. The following are examples of commercially available products. 

[0010] 

Aronix M-309, M-305, M-309, M-310, M-315, M-320, M-325, M-330 and M-400, which 
are trade names of Toa Gosei Chemical, and NK Ester TMPT, A-TMPT, A-TMM-3, 
A-TMM-3L, A-TMMT and A-9530, which are trade names of Shin Nakamura Chemical. 
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[0011] 

Photoreaction initiators may be used in the radiation-curing compositions of the present 
invention. Examples of photopolymerization initiators that may be cited include benzophenones, 
acetophenones (e.g., dichloroacetophenone and trichloroacetophenone), benzoins, thioxanthones, 
Michler's ketone, benzyl, benzoin alkyl ethers, benzyl dimethyl ketal, tetramethylthiuram 
monosulfide, and azo compounds. Details regarding these compounds are presented on pp. 
63-147 of "Ultraviolet-curing Systems" (General Technology Center, 1989). The content of this 
photopolymerization initiator is preferably 0.5-30 parts by weight with respect to 100 parts by 
weight of the ultraviolet-curing compound, with 2-20 parts by weight being particularly 
desirable. If the amount is less than 0.5 part by weight with respect to 100 parts by weight of the 
ultraviolet-curing compound, then the curing rate when the material is irradiated with ultraviolet 
light will be extremely slow, which is undesirable. 

[0012] 

The ultraviolet-curing compound composition of the protective layer forming material of 
the present invention may also contain binder. The binder may be various types of resins that are 
compatible or incompatible with the ultraviolet-curing compound composition, but which 
typically can form films. It is preferable for a resin to be used which has good adhesive 
properties with respect to the material to be provided with a protective layer. The binder and the 
ultraviolet-curing compound composition are dissolved or dispersed in an appropriate solvent to 
prepare a coating liquid, and this material is then applied and dried at a coating amount sufficient 
to produce a dry film thickness of, for example, about 2-100 urn, with 5-40 um being preferred, 
thereby forming a protective layer. This type of binder resin is preferably used, for example, at a 
ratio of about 20-600 parts by weight with respect to 100 parts by weight of ultraviolet-curing 
compound. In the present invention, typical well-known solvents can be used, as desired, as the 
solvent for dissolving or dispersing the aforementioned binder resin and ultraviolet-curing 
compound composition. 

[0013] 

In addition, any typical binder resin that is well known in its use towards these objectives 
may be used as the aforementioned binder resin, and a material having high heat resistance is 
typically selected. Examples of materials that may be used include polyamide resins, polyester 
resins, epoxy resins, polyurethane resins, polyacrylic resins (e.g., polymethyl methacrylate, 
polyacrylamide or polystyrene-2-acrylonitrile), polyvinylpyrrolidone and other vinyl-based 
resins, polyvinyl chloride resins (e.g., vinyl chloride-vinyl acetate copolymers), polycarbonate 
resins, polystyrene, polyphenylene oxide, cellulose resins (e.g., methylcellulose, ethylcellulose, 
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carboxymethylcellulose, cellulose acetate hydrogen phthalate, cellulose acetate, cellulose acetate 
propionate, cellulose acetate butyrate, and cellulose triacetate), polyvinyl alcohol resins (e.g., 
polyvinyl alcohol, polyvinyl butyral and other partially saponified polyvinyl alcohols), petroleum 
resins, rosin derivatives, coumarone-indene resins, terpene resins and polyolefin resins (e.g., 
polyethylene and polypropylene). Compounds used as polyvinyl alcohol resins are synthesized 
by saponification of polyvinyl acetate to produce a polyvinyl alcohol, followed by reaction with 
butyraldehyde. Well-known commercially-available products are those manufactured by Denki 
Kagaku Kogyo K.K. and Sekisui Chemical Co., Ltd. The polyvinyl butyral used in the present 
invention is preferably a material with a polyvinyl butyral content of 70 wt% or greater and an 
average degree of polymerization of 500 or greater, with an average degree of 1000 or greater 
being preferred. Examples of commercially-available products include Denka Butyral 3000-1, 
4000-2, 5000 A, 6000C manufactured by Denki Kagaku Kogyo, and S-Lec BL-1, BL-2, BL-3, 
BL-S, BX-L, BM-1, BM-2, BM-5, BM-S, BH-3, BX-1 and BX-7, manufactured by Sekisui 
Chemical. 



[0014] 

In addition to the above types of synthetic resins, mixtures and copolymers thereof may 
also be used. Specific examples of copolymers that may be cited include polyvinyl 
acetate-polyvinyl chloride copolymers. In addition, acrylic resin and methacrylic resins can also 
be cited as examples. Examples of acrylic resins that are commercially available products 
include Dianal SE-5437, SE-5102, SE-5377, SE-5649, SE-5466, SE-5482, HR-169, 124, 
HR-1 127, HR-1 16, HR-1 13, HR-148, HR-131, HR-470, HR-634, HR-606, HR-607, LR-1065, 
574, 143, 396, 637, 162, 469, 216, BR-50, BR-52, BR-60, BR-64, BR-73, BR-75, BR-77, 
BR-79, BR-80, BR-83, BR-85, BR-87, BR-88, BR-90, BR-93, BR-95, BR-100, BR-101, 
BR-102, BR-105, BR-106, BR-107, BR-108, BR-112, BR-113, BR-115, BR-116, BR-117 and 
BR-1 1 8, manufactured by Mitsubishi Rayon. 



[0015] 

It is preferable for a recording material to be used as the material to be provided with a 
protective layer in the present invention. When the recording material is a sublimation thermal 
transfer recording material, for example, the binder that constitutes the material for providing the 
protective coating of the present invention is preferably a binder that is similar in structure and/or 
composition to binders used in the image-receiving material of the sublimation recording 
material. Specifically, when the binder in the image-receiving material of the sublimation 
thermal transfer recording material is a polyester, polyvinyl alcohol, polycarbonate or 
polyacrylic material, then the binder used in the protective layer forming material of the present 
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invention also is preferably a polyester, polyvinyl alcohol, polycarbonate or polyacrylic material. 
When radical polymerization is to occur, examples of preferred ultraviolet-curing compounds for 
the material for providing a protective layer of the present invention include urethane 
acrylate-based materials, acrylic materials and methacrylic materials. 

[0016] 

The curable protective layer containing the peelable radiation-curing compound of the 
present invention can consist of two or more layers. In this case, the layer that is nearest the 
support is the outermost layer when the protective layer is formed, and so a synthetic resin with a 
high glass-transition temperature is used. In addition, it is preferable for the layer to be 
constituted in such a manner that the film surface is rendered resistant to scratching by means of 
using matting agents, film hardeners or other such substances. In addition, a peeling layer may 
also be provided on the layer that is nearest to the substrate. The peeling layer can be provided 
using any peelable material in accordance with the constitution of the curing protective layer. A 
constitution can thus be produced wherein the layer that is farthest from the support is a synthetic 
resin having a low glass transition temperature, where high-boiling organic solvent and/or 
matting agent are used in amounts that are at the lowest required limit, or not at all, thereby 
improving the adhesive properties with respect to the material to be provided with the protective 
layer. Alternatively, a constitution can be produced wherein a curable protective layer is 
provided on top of this layer, and a film is also provided that is peeled off when affixing the 
protective layer, thus preventing problems such as surface tackiness, adhesion to other materials, 
or self-blocking. Moreover, a constitution can also be used wherein the layer that is farthest from 
the support is a synthetic resin that has a higher glass-transition temperature, where a 
high-boiling organic solvent and/or matting agent are used in amounts that are at the minimum 
required limit, or not at all. By this means, problems such as surface tackiness, adhesion to other 
materials, or self-blocking are prevented, while also preventing loss in adhesive properties with 
respect to the material to be provided with a protective layer. Additionally, it is preferable for a 
constitution to be used in which the content is varied in order to improve the hardness of the 
radiation-curing compound, or in order to improve adhesion with respect to the material to be 
provided with a protective layer. 

[0017] 

The protective layer forming material that contains the radiation-curing compound used 
in the present invention may also be cured by using a film hardener. When an organic 
solvent-based polymer is to be cured, the film hardeners described in Japanese Kokai Patent 
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Application No. Sho 61 [1986]-199997 and Sho 58[1978]-215398 may be used. It is particularly 
desirable to use isocyanate-based film hardeners with polyester resins. 

[0018] 

Various types of additives such as antioxidants, antistatic agents, dispersants, stabilizers, 
pigments, slip agents and matting agents may be combined appropriately in the radiation-curing 
compound composition pertaining to the present invention. Antifade agents may also be used in 
the radiation-curing compound composition in ranges that have no affect on practical use, 
although they hinder curing. Examples of antifade agents include antioxidants, ultraviolet 
absorbers and some types of metal complexes. Examples of antioxidants include 
coumarone-based compounds, coumaran-based compounds, phenol-based compounds (e.g., 
hindered phenols), hydroquinone derivatives, hindered amine derivatives and spiroindane-based 
compounds. The compounds described in Japanese Kokai Patent Application No. 
Sho 61[1986]-159644 are also effective. 

[0019] 

Examples of ultraviolet absorbers are benzotriazole compounds (e.g., U.S. Patent No. 
3,533,794), 4-thiazolidone-based compounds (e.g., U.S. Patent No. 3,352,681), 
benzophenone-based compounds (e.g., Japanese Kokai Patent Application No. 
Sho 56[1981]-2784), and other compounds described in Japanese Kokai Patent Application Nos. 
Sho 54[1979]-48535, Sho 62[1987]-136641, and Sho 61[1986]-88256. The ultraviolet-absorbing 
polymers described in Japanese Kokai Patent Application No. Sho 62[1987]-260152 are also 
effective. Examples of metal complexes are the compounds described in U.S. Patent No. 
4,241,155, columns 3-36 of U.S. Patent No. 4,245,018, columns 3-8 of U.S. Patent No. , 
4,254,195, Japanese Kokai Patent Application Nos. Sho 62[1987]-174741, Sho 61[1986]-88256 
pp. 27-29, Japanese Kokai Patent Application No. Hei l[1989]-75568 and Japanese Kokai Patent 
Application No. Sho 63[1988]-199248. 

[0020] 

Examples of useful antifade agents are described on pp. 125-137 of Japanese Kokai 
Patent Application No. Sho 62[1987]-2 15272. These antifade agents and ultraviolet absorbers 
can be included in the radiation-curing compound composition of the protective layer forming 
material. However, in order to prevent inhibition of curing, it is more preferable for the antifade 
agents to be included in the material to be provided with a protective layer prior to providing the 
protective layer, rather than in the material for forming the protective layer. The aforementioned 
antioxidants, ultraviolet absorbers and metal complex maybe used in combinations. 
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[0021] 

Various types of surfactants may also be present in the constitutive layers of the 
radiation-curing compound composition of the protective layer material. These surfactants may 
be used as coating auxiliaries, peeling enhancers, slip enhancers, antistatic agents and 
development promoters. Nonionic surfactants, anionic surfactants, amphoteric surfactants and 
cationic surfactants may be used. Specific examples thereof are described in Japanese Kokai 
Patent Application Nos. Sho 62[ 1987]- 173463 and Sho 62[ 1987]- 183457. It is also preferable to 
use surfactants as dispersion auxiliaries when mold-release agents, antifade agents, ultraviolet 
absorbers, fluorescent brighteners and other hydrophobic compounds are to be dispersed in a 
water-soluble binder. In addition to the above surfactants, the surfactants described on pp. 37-38 
of Japanese Kokai Patent Application No. Sho 59[1984]-157636 are particularly desirable. 

[0022] 

Matting agents may be used in the protective layer forming material. Examples of 
matting agents include silicon dioxide, polyolefin, polymethacrylate and other compounds 
described on p. 29 of Japanese Kokai Patent Application No. Sho 61[1986]-88256, as well as 
benzoguanamine resin beads, polycarbonate resin beads, AS resin beads and other compounds 
described in Japanese Kokai Patent Application Nos. Sho 63[1988]-274944 and 
Sho63[1988]-274952. 

[0023] 

The protective layer forming material may also contain organic fluorine compounds in 
order to achieve objectives such as slip property improvement, antistatic properties and peeling 
enhancement. Typical examples of organic fluorine compounds include solid fluorine compound 
resins such as tetrafluoroethylene resins or oily fluorine-based compounds such as fluorine oils, 
as well as the surfactants described in columns 8-17 of Japanese Kokoku Patent No. Sho 
57[1982]-9053, Japanese Kokai Patent Application Nos. Sho 61[1986]-20944 and Sho 
62[1987]-135826. 

[0024] 

In the protective layer forming material of the present invention, mold-release agents may 
be contained in the peeling layer and/or layers close to the support for the protective layer. 
Examples of mold-release agents that may be used include polyethylene wax, amide wax, 
silicone resin micropowder, fluororesin micropowder and other solid or waxy substances; 
fluorine-based or phosphate ester-based surfactants; paraffin-based, silicone-based and 
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fluorine-based oils, and various other typical known mold-release agents. In addition to 
unmodified substances, carboxy-modified silicone oils, amino-modified silicone oils, 
epoxy-modified silicone oils, polyether-modified silicone oils, alkyl-modified silicone oils and 
other modified silicone oils may be used individually or in combinations or two or more types. 
Examples that can be cited are the various modified silicone oils described on pp. 6-18B of the 
technical paper "Modified Silicone Oils," issued by Shin-Etsu Silicone. When used in organic 
solvent-system binders, amino-modified silicone oils having groups that can react with the 
crosslinking agent of the binder (e.g., groups that can react with isocyanate) are effective. If the 
substance is to be emulsified or dispersed in water-soluble binder, on the other hand, then 
carboxy-modified silicone oil (e.g., product X-22-3710, manufactured by Shin-Etsu Silicone) or 
epoxy-modified silicone oil (e.g., product KF-100T, manufactured by Shin-Etsu Silicone) are 
preferred. 

[0025] 

The material for providing a protective layer pertaining to the present invention can have 
an interlayer between various layers such as the support, protective layer, peel layer or adhesion 
layer. The interlayer is composed of a constitutive material and thus also serves, for example, as 
a cushioning layer or color diffusion inhibition layer. Alternatively, the layer may have two or 
more functions, and in some cases, the layer also serves as an adhesive. Diffusion prevention 
layers for dyes, etc., act to prevent diffusion of thermal transfer dye to the support. Binders that 
constitute diffusion-prevention layers may be water-soluble or organic solvent-soluble binders, 
but water-soluble binders are preferred. Examples that are preferred include the aforementioned 
binders pertaining to the protective layer forming material, and gelatin. 



[0026] 

The protective layer, cushioning layer, diffusion prevention layer or adhesive layer that 
constitute the material for forming a protective layer pertaining to the present invention may also 
contain silica, clay, talc, diatomaceous earth, calcium carbonate, calcium sulfate, barium sulfate, 
aluminum silicate, synthetic zeolite, zinc oxide, lithopone, titanium oxide, alumina and other 
micropowders. 



[0027] 

Coating of the protective layer of the protective layer forming material pertaining to the 
present invention can be carried out using a well-known method to apply a coating liquid for 
forming the protective layer, e.g., a coating method carried out using a double roll coater, slit 
coater, air-knife coater, wire bar coater, slide hopper, spray coating, blade coater, doctor coater, 
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squeeze coater, comma coater, reverse-roll coater, transfer roll coater, extrusion coater, curtain 
coater or die coater, or an extrusion coating method or roll coating method. 

[0028] 

The method for laminating the protective layer forming material and material to be 
provided with a protective layer in the present invention involves the use of heat and/or pressure. 
Heat and/or pressure can be supplied by a means such as a common heated roller, laminator, hot 
stamp, electric hot plate, thermal head or laser. 

[0029] 

Typical examples pertaining to the method for curing the curing protective layer of the 
present invention will be presented, but examples are not restricted to those presented below. 
When electron beam irradiation is to be carried out, an electron beam accelerator is used wherein 
the acceleration voltage, from the standpoint of transmissive power or curing power, is 100-1000 
kV, with 100-300 kV being preferred. It is preferable for the one-pass absorption quantity to be 
0.5-20 Mrad. When the acceleration voltage or the electron beam irradiation quantity is lower 
than the ranges presented above, the transmissive power of the electron beam will be too low, 
and sufficient curing will not occur on the interior of the support. If these values are too high, on 
the other hand, energy efficiency will be compromised, and effects will appear such as loss of 
substrate strength. Quality will also be poor due to decomposition of the resin or additives. 
Examples of electron beam accelerators include electrocurtain systems, scanning systems and 
double scanning systems. If the concentration of oxygen is too high during electron beam 
irradiation, then curing of the electron beam curing resin will be impeded. It is thus preferable to 
carry out purging with nitrogen, helium, carbon dioxide or another inert gas, so that irradiation is 
carried out in an atmosphere in which the oxygen concentration is restricted to 600 ppm or 
below, with 400 ppm or below being preferred. 

[0030] 2 

With ultraviolet irradiation, it is preferable to use a lamp with a power of 80 W/cm or 
greater. For example, the lamp may be a low-pressure mercury lamp, medium-pressure mercury 
lamp, high-pressure mercury lamp or metal halide lamp. There are also ozone-less types of lamps 
that generate little ozone. 

[0031] 

Examples of the aforementioned laser light include light from an argon laser, krypton 
laser or other ionic gas laser, a copper vapor, gold vapor, cadmium vapor or other metal vapor 
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laser, a ruby, YAG or other solid-state laser, or a gallium-arsenide laser or other semiconductor 
laser that emits in the infrared region of 750-870 nm. However, from a practical standpoint, 
semiconductor lasers are effective in terms of size, cost, stability, reliability, durability and ease 
of modulation. With systems in which lasers are used, it is preferable for the protective layer 
forming material to contain a material that exhibits strong absorption of laser light. When laser 
light is used to irradiate a thermal transfer dye donor material, the absorbing material converts 
light energy to heat energy, and immediately transfers the heat to the radiation-curing material, 
thus heating it to the curing temperature. This absorbing material can be provided by forming a 
layer of a radiation-curing compound on an adhesive surface of the material to be provided with 
a protective layer, and/or by mixing it with the radiation-curing compound. The laser beam can 
be modulated with an electrical signal that conveys the form of the surface to be provided with 
the protective layer, so that the protective layer is heated and cured in only the regions where it is 
needed, thus producing the curing protective layer. 

[0032] 

Application examples 

The present invention is described in additional detail below by providing application 
examples, but these examples convey only the gist of the invention. The invention is not 
restricted to the following specific examples. 
(Application examples) 

Production of material to be provided with a protective layer: R1-R4 
Production of thermal transfer dye donor material (1) 

The support that was used was a polyester film with a thickness of 6 ^im and a width of 
50 mm, provided with a surface heat-resistant slip layer composed of thermosetting acrylic acid. 
The amount of sublimation thermal transfer dye and binder resin in the ink composition for 
dye-donor layer formation in the composition indicated below were varied as indicated in Table 
1. A detection mark with a length of 10 mm was formed using rotogravure black printing ink on 
the surface of the support opposite the side of the heat-resistance slip layer. The liquid was 
applied in sequence from the surface at a length of 100 mm so that the applied amount after 
drying was 1.2 g/m 2 , thus producing the dye donor material (1). 

[0033] r 
Ink composition for the thermal transfer dye donor layer coating 
Yellow layer ink composition 

Dye (compound 1 below) 2.7 g 



Dye (compound 2 below) 0.3 g 
Polyvinyl butyral (Denka Butyral 5000A, 

manufactured by Denki Kagaku Kogyo) 3 g 
Silicone oil (KF-857, manufactured 

by Shin-Etsu Chemical) 0.05 mL 

Toluene 50 mL 

Methyl ethyl ketone 50 mL 
Polyisocyanate (Takenate Dl 10N, 

manufactured by Takeda Chemical Industries) 0.05 mL 



[0034] 
[Structure 1] 



Key: 1 
2 



(t)C 4 B 9 N-H 



Compound 1 
Compound 2 



(DC*. K-B-@-»2 




[0035] 

Magenta layer ink composition 

Dye (compound 3 below) 

Dye (compound 4 below) 

Polyvinyl butyral (Denka Butyral 5000A, 

manufactured by Denki Kagaku Kogyo) 

Silicone oil (KF-96, manufactured 

by Shin-Etsu Chemical) 

Toluene 

Methyl ethyl ketone 
Polyisocyanate (Takenate Dl 10N, 
manufactured by Takeda Chemical Industries) 



1.8 g 
1-2 g 

3g 

0.05 mL 
50 mL 
50 mL 

0.05 mL 



[0036] 
[Structure 2] 
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Key: 1 Compound 3 
2 Compound 4 



[0037] 

Cyan layer ink composition 

Dye (compound 5 below) 1.8 g 

Dye (compound 6 below) 1 .2 g 
Polyvinyl butyral (Denka Butyral 5000A, 

manufactured by Denki Kagaku Kogyo) 3 g 
Silicone oil (KF-96, manufactured 

by Shin-Etsu Chemical) 0.05 mL 

Toluene 50 mL 

Methyl ethyl ketone 50 mL 
Polyisocyanate (Takenate Dl 10N, 

manufactured by Takeda Chemical Industries) 0.05 mL 
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[0038] 
[Structure 3] 



Key: 1 Compound 5 
2 Compound 6 
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[0039] 

Production of dye acceptor material R-l 

A dye acceptor layer coating liquid composition having the composition indicated below 
was applied to a laminated vinyl chloride card with a thickness of 760 um by a wire bar coating 
method so that the thickness after drying was 8 um. A thermal transfer dye accepting material 
R-l was thus produced. The card was cut to produce a sample size of 100 x 140 mm. 



[0040] 

Dye acceptor material coating composition 
Polyester resin (TP220, manufactured 

by Nippon Synthetic Chemical Industry) 1 00 g 

Silicone oil (KF-857, 

manufactured by Shin-Etsu Chemical) 0. 1 g 

Polyisocyanate (KP90, 

manufactured by Dainippon Ink and Chemicals) 1 0 g 

Methyl ethyl ketone 400 mL 

Toluene 100 mL 
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[0041] 

Production of dye accepting material R-2 

The material was produced in the same manner as the dye accepting material R-l, with 
the exception that the dye accepting material coating composition of the dye accepting material 
R-l was changed to the composition indicated below. 
Dye accepting material coating composition 
Polyvinyl butyral resin (S-Lec BLS, 

manufactured by Sekisui Chemical) 1 00 g 

Polyisocyanate (KP90, 

manufactured by Dainippon Ink and Chemicals) 1 0 g 

Methyl ethyl ketone 400 mL 

Toluene 100 mL 

[0042] 

Production of dye accepting material R-3 

The same dye accepting layer coating liquid as used for dye accepting material R-l was 
applied to a laminated white polyethylene terephthalate card with a thickness of 760 ^m using a 
wire bar coating method, so that the thickness after drying was 8 \im. A thermal transfer dye 
accepting material R-3 was thus produced. The card was cut to produce a sample size of 
85 x 54 mm. 

[0043] 

Production of dye accepting material R-4 

The same dye accepting layer coating liquid as used for dye accepting material R-2 was 
applied to a laminated white polyethylene terephthalate card with a thickness of 760 |im using a 
wire bar coating method so that the thickness after drying was 8 \im. A thermal transfer dye 
accepting material R-4 was thus produced. The card was cut to produce a sample size of 85 x 
54 mm. The dye donor material (1) obtained in the manner described above and respective dye 
acceptor materials R-l to R-4 were laminated so that the accepting layers and dye donor were in 
contact, and a thermal head was used in order to print a photographic face image from the side of 
the support of the thermal transfer dye donor material. Printing was carried out by stepwise 
variation over 2-15 msec of the pulse width, under conditions comprising an output of 0.3 W/dot 
and a dot density of 12 dots/mm. Materials to be provided with a protective layer R-l to R-4 
were thus formed. 
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[0044] 

Production of protective layer forming materials PI to P-26 

Protective layer coating compositions having the compositions indicated below were 
applied, using a wire bar coating method, to a transparent polyethylene terephthalate film with a 
thickness of 100 \im, so that the thickness after drying was 22 ^m. Materials for providing 
protective layers P-l to P-26 were thus produced. The materials were cut to sample sizes of 
100x60 mm. 



Protective laver coating composition 




Binder resin (indicated in Table 1) 


xg 


Radiation-curing compound (indicated in Table 1) 


y-i g 


Radiation-curing compound (indicated in Table 1) 


y~2g 


Reaction initiator (Irgacure 651) 




Methyl ethyl ketone 


400 mL 


Toluene 


100 mL 



[0045] 
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Key: 1 Protective layer forming material No. 

2 Binder resin 

3 Added amount x (g) 

4 Urethane-based acrylate ultraviolet-curing compound 
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5 


Added amount yi (g) 


6 


Polyfunctional acrylate ultraviolet-curing compound 


7 


Added amount y 2 (g) 


8 


Comments 


9 


Polyester resin TP220 (Nippon Synthetic Chemical) 


10 


Urethane acrylate U-6HA (Shin Nakamura Chemical) 


11 


Dipentaerythritol penta- and hexa-acrylate A9530 (Shin Nakamura Chemical) 


12 


Acrylic resin Dianal BR87 (Mitsubishi Rayon) 


13 


Acrylic resin Dianal BR87 




Butyral resin S-Lec BLS (Sekisui Chemical) 



[0046] [Table 2] 

Table 1, continued 
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1 


Protective layer forming material No. 


2 


Binder resin 


3 


Added amount x (g) 


4 


Urethane-based acrylate ultraviolet-curing compound 


5 


Added amount yi (g) 


6 


Polyfunctional acrylate ultraviolet-curing compound 


7 


Added amount y2 (g) 


8 


Comments 


9 


Acrylic resin Dianal BR87 




Butyral resin S-Lec BLS (Sekisui Chemical) 


10 


Urethane acrylate U-6HA (Shin Nakamura Chemical) 
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1 1 Dipentaerythritol penta- and hexa-acrylate A9530 (Shin Nakamura Chemical) 

1 2 Acrylic resin Dianal BR87 

Butyral resin S-Lec BLS (Sekisui Chemical) 

1 3 Urethane acrylate U-4HA 

1 4 Trimethylolpropane trimethacrylate (Shin Nakamura Chemical) 

1 5 Urethane acrylate U-324A 

1 6 Pentaerythritol triacrylate (Shin Nakamura Chemical) 

1 7 Pentaerythritol tetra-acrylate (Shin Nakamura Chemical) 

1 8 Trimethylolpropane trimethacrylate (Shin Nakamura Chemical) 



[0047] [Table 3] 



Table 1 (continued) 
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Key: 1 Protective layer forming material No. 

2 Binder resin 

3 Added amount x (g) 

4 Ultraviolet-curing compound urethane-based acrylate 

5 Added amount yi (g) 

6 Ultraviolet curing compound multifunctional acrylate 

7 Added amount y 2 (g) 

8 Comments 

9 Acrylic resin Dianal BR87 
Butyral resin S-Lec BLS 

1 0 Urethane acrylate U-6HA 

1 1 Trimethylolpropane triacrylate 
Dipentaerythritol penta- and hexa-acrylate 

1 2 Pentaerythritol tetra-acrylate 
Dipentaerythritol penta- and hexa-acrylate 
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13 Comparative example 

14 Dipentaerythritol penta- and hexa-acrylate A9530 

15 Polyester resin TP220 

1 6 Urethane acrylate U-6HA 

17 Dipentaerythritol penta- and hexa-acrylate A9530 

1 8 Trimethylolpropane triacrylate 

[0048] 

The protective layer forming materials P-l to P-26 produced above were laminated with 
the respective materials to be provided with protective layers R-l to R-4 by passing the materials 
through a laminator at 170°C, 9 kg/m 2 and 1 mm/sec, with the surfaces to be provided with 
protective layers in contact with the protective layers. The supports of the protective layer 
forming materials were then peeled off, and the materials were irradiated for 5 sec using a 400- 
W mercury lamp at a distance of 50 mm. In addition, using discretionary combinations from 
above, protective layer forming materials and materials to be provided with a protective layer 
were passed through the same laminator, with the protective layer and surface to be provided 
with a protective layer in contact. Subsequently, the materials were irradiated for 5 sec with the 
same mercury lamp, and the supports of the protective layer forming materials were peeled. The 
resulting materials are presented in Table 2 below. 

[0049] 

The peeling properties of the protective layer were visually observed for the resulting 
samples, and materials in which peeling readily occurred along with complete transfer were 
denoted by "O," materials in which partial separation occurred with lifting of the affixed surface 
were denoted by "A." Materials in which transfer was insufficient, or which allowed easy 
separation from the affixed surface, were denoted by "X." The results for the various materials 
are presented in Table 2. 

[0050] 

Testing regarding the abrasion resistance of the protective layers in the resulting materials 
was carried out as described in JIS K-67 18-1983. A sapphire needle with a tip having a radius of 
curvature of 0.1 mm and a tip angle of 60°C was used with a surface hardness tester. Weight was 
applied uniformly at 200 g, and a travel speed of 5 mm/sec was used. Visual evaluation was 
carried out, and "O" denotes materials that were not marred at all, "A" denotes materials showing 
fine traces of friction, and "X" denotes damaged materials having hanging fragments or affixed 
powder. The results are presented in Table 2 below. 
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[0051] 

The resulting samples were used, and the cards were bent from +90° to -90° parallel to 
the short side, using the middle of the long side as the center. The bending operation was 
repeated 5 times. The area around the fold at the surface of the protective layer was observed 
visually, and materials in which no modification occurred were indicated by "O," whereas 
materials in which cracking or spitting occurred were denoted by "X." The results are presented 
in Table 2. 
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[0054] 



As shown in Table 2, when a protective layer is formed on a material to be provided with 
a protective layer using the protective layer forming material of the present invention, superior 
productivity is possible due to the simple manufacturing procedure, and the material has 
excellent durability, particularly in regard to abrasion resistance. 

[0055] 

Effect of the invention 

By using the protective layer forming material of the present invention, a simple 
procedure can be used in order to form a protective layer on a material to be provided with a 
protective layer, which has a transferred image such as that of an ID card. In addition, the ID 
card or other material that has been provided with the protective layer can be endowed with 
characteristics such as a superior abrasion resistance, breaking resistance, image retention 
properties and tamper-proofhess. 



